Angina pectoris was precipitated in 15 patients with coronary artery disease by the technic of right atrial pacing. This was accompanied by hemodynamic evidence of impaired left ventricular function. In eight patients, while pacing was continued, a phlebotomy averaging 276 ml was carried out and in all but one patient angina was relieved and ventricular function returned to normal. Phlebotomy was accompanied by a decline in cardiac index (9.6%) and left ventricular filling pressure, but no change in brachial artery mean pressure, tension-time index, or dp/dt. With reinfusion of blood, angina returned in all but one patient and there was a rise in left ventricular end-diastolic pressure but no change in cardiac index, brachial artery pressure, tension-time index, or dp/dt. In seven patients alterations of blood volume were carried out between three 9-minute periods of atrial pacing and similar observations were obtained. The observations indicate that phlebotomy exerted its beneficial effect through a reduction in left ventricular volume, and it is suggested that this may be the primary mode of action of nitroglycerin.
TN 1867, Brunton' in a paper introducing the use of amyl nitrite for angina, stated that all previously known forms of drug therapy were ineffective in angina. In one patient with severe angina he observed that "Small bleedings of three or four ounces, whether by cupping or venesection, were however, always beneficial . . .," and recommended that a few tolic pressure Oxygen consumption ounces of blood be removed every few weeks from patients with angina. He attributed the relief of angina to the diminution of "arterial tension" and first used amyl nitrite in this disorder because it simulated the effects of bleeding on the arterial pulse. 2,032 dynes sec cm-5 (P < 0.01) but there was no significant change in brachial artery mean pressure, dp/ dt, tension-time index, or left ventricular stroke work index.
While continuing pacing, blood was reinfused with return of pain in six of the seven patients after an average volume olf 127 ml (60 to 200 ml) had been reinfused over an average time of 1.2 minutes (1 to 2 minutes). The reinfusion was continued until all blood was returned. After reinfusion was completed, the hemodynamic data when compared to those following phlebotomy showed an increase in left ventricular end-diastolic pressure from 4.1 to 10.0 mm Hg during pacing (P < 0.01), and from 12.9 to 24.9 mm Hg with interruptions (P <0.005). There was no change in cardiac index, brachial artery mean pressure, left ventricular stroke-work index, total peripheral resistance, tension-time index, or dp/ dt. These parameters were similar to those during pacing before phlebotomy. The left ventricular end-diastolic pressure (LVEDP) in the patients of group 1 remained constant during the initial portion of the pacing period when they experienced pain. Following phlebotomy there was a decline in left ventricular end-diastolic pressure that rose toward control levels after reinfusion. The interrupted lines show the LVEDP during periods of interruption of pacing.
(180 to 400 ml), over a period of 4.4 minutes (2 to 7 minutes). The hemodynamic pattern following phlebotomy in this group showed a 9.6% fall in cardiac index from 2.94 to 2.66 L/min/m2 (P<0.01), a decrease in left ventricular end-diastolic pressure during pacing from 11.6 to 4.1 mm Hg (P<0.005) and during interruption of pacing from 23.8 to 12.9 mm Hg (P < 0.02) ( fig. 2 ). The total peripheral resistance increased from 1,823 to 2500 dp/dt mm Hg sec The left ventricular dp/dt and the tension-time index (TTI) both rose with the institution of pacing but were not affected by alterations in blood volume. In the second pacing period, following the phlebotomy, one patient developed similar chest pain, four had less marked pain than in the pre-phlebotomy pacing period, and two were free from pain. As compared with the initial pacing period, there was a significant decrease in cardiac index, left ventricular enddiastolic pressure during pacing and interruption of pacing, left ventricular stroke-work index, and tension-line index. There was, however, no change in brachial artery mean pressure, total peripheral resistance, or dp/dt.
In the third pacing period after reinfusion of blood, five of the six patients who were improved by bleeding showed a return or an increase in severity of angina. This occurred earlier than during the initial pacing period and averaged 1.9 minutes (0.5 to 4 minutes). During this period, cardiac index, left ventricular end-diastolic pressure, brachial artery mean pressure, left ventricular stroke-work index, total peripheral resistance, tension-time index, and dp/dt all approximated the values observed during the initial pacing period.
Metabolic Results (Group 1)
During the control period, myocardial lactate extraction was demonstrated in each of the seven patients where data were available, averaging 13 .8% (4.4 to 21.2%) (table 3). This was reduced to an average of -9.1% (P =0.05). After the appearance of angina during the early portion of the pacing period. In one patient, E.W., lactate extraction was unchanged during angina, but the remaining patients showed either lactate production (n = 4) or reduced lactate extraction (n = 1). One patient, D.C., on whom lactate data are Circulatios, Volume XLI, April 1970 not available during pacing before phlebotomy, had an episode of spontaneous angina prior to the control period, during which the lactate extraction was -40%. These data confirm the ischemic origin of pain in all but one of these patients.
Lactate extraction was not significantly increased following phlebotomy, averaging -2.1%, although seven of the eight patients were completely relieved of angina pain by this procedure. This lack of improvement in myocardial metabolism may reflect the fact that lactate efflux from the heart continues for a considerable period of time after the ischemic stress is removed.10' 11 Return of blood to the patient likewise failed to show a significant change in lactate metabolism, the extraction being 5.4%, although this resulted in a return of pain in seven patients. ST 
Segment
During pacing-induced angina ischemic STsegment depression occurred in all but one patient of group 1. The ST segment remained depressed following phlebotomy in all of these patients and in only two patients was there any decrease in the degree of ST-segment depression at this time. even though ventricular systolic pressure, tension-time index, and the velocity of contraction23 remain unaltered. The regular occurrence of a fall in left ventricular enddiastolic pressure after nitroglycerin, assuming no change has taken place in ventricular compliance, implies a decrease in left ventricular volume, and this has been demonstrated in man.5' 6 Wall tension will be reduced by this smaller ventricular volume and oxygen consumption thereby decreased.
The dramatic clinical relief afforded the seven patients with angina, who were paced continuously in this study, was also accompanied by hemodynamic alterations indicative of improved ventricular function. These can be seen in figure 5 relating left ventricular stroke work to left ventricular filling pressure during pacing and interruptions. Normal patients and patients with coronary disease who remain free from angina during pacing show a decline in left ventricular end-diastolic pressure in association with the accompanying decrease in stroke work.9 With cessation of pacing, there is a return of left ventricular end-diastolic pressure and stroke work to control levels. This is represented by the "normal" ventricular function curve in figure 5 . In contrast, the patients with angina provoked by pacing show no change in left ventricular end-diastolic pressure in the face of a similar decrease in stroke work and thus are operating on a depressed ventricular function curve ('ischemic" curve). The upper portion of this depressed ventricular function curve is described by the grossly abnormal relationship between stroke work and left ventricular enddiastolic pressure at a lower heart rate during interruption of pacing. The symptomatic improvement with bleeding is accompanied by a shift to the normal ventricular function curve during both pacing and interruption. After reinfusion there is a return to the depressed ventricular function curve both with pacing and interruption.
One cannot postulate that the improvement following phlebotomy represented the "second wind phenomenon" as symptoms returned in all but one patient after reinfusion. In Circulation, Volume XLI, April 1970 examining the reasons for the improvement in symptoms and in ventricular function following bleeding, there is no reason to suggest an increase in coronary blood flow since there was no change in perfusion pressure or heart rate. Of the factors known to affect myocardial oxygen requirements, all were constant except left ventricular volume. It seems probable that ventricular volume was decreased with consequent reduction in myocardial oxygen requirements resulting in the relief of angina.
Amelioration of angina by phlebotomy did not alter dp/dt, and this finding may represent the opposing effects of reduction in ventricular volume and relief of ischemia on myocardial contractility.24 During reinfusion there was recurrence of angina without a change in the factors affecting oxygen requirements other than the increase in left ventricular enddiastolic pressure and presumably in left ventricular volume.
In group 2, where patients were studied in three consecutive pacing periods, the clinical improvement appeared related to both a reduction in ventricular volume and tensiontime index. This latter effect was not seen in the continuously paced group and appears to be a consequence of the larger phlebotomy wvith a greater fall in cardiac index. However, it is notable that angina returned or increased in severity in five of the six 
